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Abstract 


Background: Xenoestrogens are widely used environmental chemicals that have recently been under 
scrutiny because of their possible role as endocrine disrupters. Among them is digoxin that is 
commonly used in the treatment of heart failure and atrial dysrhythmias. Digoxin is a cardiac 
glycoside derived from the foxglove plant, Digitalis lanata and suspected to act as estrogen in living 
organisms. 


Aim of the work: The purpose of the current study was to elucidate the sexual hormonal and 
biochemical patterns of male albino rats under the effect of digoxin treatment. 


Material and Methods: Forty six male albino rats (100-120g) were divided into three groups (16 rats 
for each). Half of the groups were treated daily for 15 days and the other half for 30 days. Control 
group: Animals without any treatment. Digoxin L group: orally received digoxin at low dose 
equivalent of 0.0045mg/200g.b.wt. Digoxin H group: administered digoxin orally at high dose 
equivalent of 0.0135mg/200g.b.wt. At the end of the experimental periods, blood was collected and 
serum was separated for estimation the levels of prolactin (PRL), FSH, LH, total testosterone (total T), 
aspartate amino transferase (AST), alanine amino transferase (ALT), alkaline phosphatase (ALP), 
urea, creatinine, total proteins, albumin, total lipids, total cholesterol (total-chol), Triglycerides (TG), 
low density lipoprotein cholesterol (LDL-chol) and high density lipoprotein cholesterol (HDL-chol). 


Results: Results showed marked elevation in PRL and FSH levels and significant reduction in LH and 
total T levels in all treated groups compared to the corresponding controls. Serum enzyme activities 
(ALT, AST and ALP) and levels of urea, creatinine, total lipids, total-chol, TG and LDL-chol were 
obviously elevated in all the treated groups as compared to control groups. Marked decline was 
recorded in the values of total proteins, albumin, A/G ratio and HDL-chol in all the treated groups at 
the end of the two time intervals of treatment compared to controls. Regarding serum globulin level, 
treatment of rats with the low dose of digoxin for 15 days induced significant reduction in this 
parameter, while globulin returned back to its normal level after 30 days of treatment. On the other 
hand, the high dose of digoxin caused significant decline in serum globulin concentrations at the two 
time intervals of treatment. Most of the recorded changes in hormonal and biochemical parameters 
exhibited dose and time-dependent manner. 


Conclusion: The results of the current research confirmed that digoxin disrupts the sexual hormonal 
pattern and biochemical parameters. So, we recommend replacing of this drug by others without 
estrogenic activity, particularly if it is indicated at a high dose or for a long period of time. 
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Introduction: 


In the last few years, increasing interest 
has focused on evaluating the adverse effects 


synthesis, secretion or bioavailability [2]. 
Among EDCs, xenoestrogens have been 


of endocrine-disrupting chemicals (EDCs). 
EDCs are a heterogeneous group of 
substances able to alter many endocrine 
functions in organisms [1]. The mechanisms 
of endocrine disruptor's toxicity include direct 
interaction with hormone receptors as agonists 
or antagonists or alteration of hormone 
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extensively studied owing to their capability 
to mimic natural estrogens [3]. 


Digoxin is a cardiac glycoside derived 
from the foxglove plant, Digitalis lanata [4]. 
Digitalis such as digoxin and digitoxin are 
commonly used in the treatment of heart 
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failure and atrial dysrhythmias [5]. Digitalis 
has been shown to have estrogen effects on 
male patients. 


The impact of digoxin on sexual 
hormonal pattern had been described in 
previous studies [6-8] but rare studies are 
available concerning the influence of digoxin 
on various biochemical indices. The purpose 
of the present study was to elucidate more 
details about the sexual hormonal and 
biochemical patterns of male albino rats under 
the effect of digoxin treatment. 


Material and Methods: 


Material 

Digoxin was used as cardixin tablets. It 
was purchased from Alexandria Co. for 
pharmaceuticals and Chemical Industries, 
Egypt. Each tablet (contains 0.25 mg digoxin) 
was dissolved in distilled water and given 
orally in two therapeutic doses comparable to 
that given to humans on the basis of relative 
weight [9]. All other chemicals used were of 
analytical-grade of Merck quality. 


Experimental Animals 

Forty six male albino rats (Rattus 
norvegicus) weighing approximately 100-120 
g were obtained from the farm of National 
Organization for Drug Control and research 
(NODCAR), Giza, Egypt. They were housed 
in clear plastic cages (2 animals/cage) with 
wood chips as bedding and given standard diet 
prepared according to modified AIN-93-A 
[10] and water ad-libitum. Rats were 
maintained under standard laboratory 
conditions at 25+2°C, relative humidity 
50£15% and normal photoperiod (12h 
light/dark cycle). 








Experimental design 

After one week of acclimatization, the rats 
were divided randomly into three groups (16 
rats for each). Half of the groups were treated 
for 15 days and the other half for 30 days. 
Control group: Animals without any 
treatment. 

Digoxin L group: Animals were received 
digoxin daily at low dose equivalent of 
0.0045mg/200g.b.wt. through gastric tube. 
Digoxin H group: Animals were daily 
administered digoxin orally at high dose 
equivalent of 0.0135mg/200g.b.wt. 
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Blood collection 

At the end of the experimental periods, 
rats were fasted overnight (12h) and then 
anesthetized through a slight diethyl ether 
exposure. Blood samples were collected from 
retro-orbital plexus and serum was obtained 
by blood centrifugation at 3000 rpm for 10 
min at 4°C and immediately stored at -20°C till 
time of analysis. 


Hormonal assay: 

Serum PRL, FSH, LH and total T levels 
were measured by Enzyme-linked Immune 
Sorbent Assay (ELISA) according to Liu and 
Zhous [11]; Urban et al. [12]; Levine et al. 
[13] and Bricaire et al. [14] respectively. 
Estimation of other biochemical 
parameters 

The activities of serum AST and ALT 
were assayed by the method of Reitman and 
Frankel [15]. Levels of serum ALP, urea, 
creatinine, total proteins and albumin were 
estimated according to John [16]; Patton and 
Crouch [17]; Gottireid et al. [18]; Gornall 
et al. [19] and Corcoran and Durnan [20] 
respectively. Serum total lipids [21]; Total- 
chol [22]; TG [23]; LDL-chol and HDL-chol 
[24] were estimated colorimetrically using 
high quality kits according to manufacturer's 
protocol. 


Statistical analysis 

The results were expressed as 
mean + S.E.M of 8 rats per group and the 
statistical significance was evaluated by 
Student's ¢-test using the SPSS/17.0 software. 
Values were considered statistically 
significant when P< 0.05. 





Results: 


Effects of digoxin on sexual hormonal 
pattern 

Table (1) shows mean concentrations of 
PRL, FSH, LH and total T in serum of control 
and treated groups. digoxin in low dose 
(0.0045 mg/200 g.b.wt.) and high dose 
(0.0135 mg/200 g.b.wt.) caused marked 
elevation (P<0.01) in PRL and FSH levels 
after 15 and 30 days of administration as 
compared to the corresponding controls. A 
reversed pattern was apparent for LH and total 
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T values where their levels were significantly 
decreased (P<0.01). 


Effects of digoxin on other serum 
biochemical parameters 

The data in table (2), showed that 
treatment of rats with digoxin induced 
significant increase (P<0.01) in the enzyme 
activities (ALT, AST and ALP) with low and 
high doses for both periods of treatment as 
compared with the control groups. The 
recorded elevation in all enzyme activities 
exhibited dose and time-dependent manner. 


Serum urea and creatinine of control 
and digoxin-treated groups for 15 and 30 days 
are shown in table (3). The sera of digoxin- 
treated groups (both the low and high dose) 
had significantly (p<0.05) high levels of urea 
and creatinine relative to the corresponding 
control rats. The recorded elevation in these 
parameters became more obvious by 
increasing both the concentration of digoxin 
and the treatment period. 


Table (4) showed that rats received 
digoxin exhibited significant reduction 


Table 1. 


(P<0.01) of total proteins, albumin and A/G 
ratio levels in all the treated groups at the end 
of the two time intervals of treatment 
compared to the controls. Regarding serum 
globulin level, treatment of rats with the low 
dose of digoxin for 15 days induced 
significant reduction (P<0.05) in this 
parameter but it returned toward control levels 
after 30 days of treatment. On the other hand, 
the high dose of digoxin caused significant 
decline (P<0.01) in serum globulin 
concentrations at the two time intervals of 
treatment. 


Table (5) showed that rats treated with 
digoxin exhibited a significant elevation 
(P<0.01) in total lipids, total-chol, TG and 
LDL-chol at the two time intervals of 
treatment compared to control rats. On 
contrast, HDL-chol was significantly reduced 
(P<0.01) in rats treated with low and high 
doses of digoxin at the two time intervals of 
treatment. The recorded elevation or decline 
in all the measured parameters of serum lipid 
profile exhibited dose and time-dependent 
manner 


Effects of low and high doses of digoxin on certain serum hormonal levels of male albino rats. 


Control group 


























Hormones 
Mean+SE 

PRL (ng/ml) 4.09+0.244 5.514 

= FSH (mlU/ml) 1.9940.07 3.314 
LH (mIU/ml) 10.940.343 9.174 
Total T (ng/ml) 15.50.188 14.14 

PRL (ng/ml) 4.6+0.197 6.94 

= FSH (mlU/ml) 2.02+0.08 4.84 

= LH (mIU/ml) 11.07+0.28 7.5- 
Total T (ng/ml) 15.2+0.54 12.24 


Values represent mean + S.E. (n=8 rats). 

















Digoxin L Digoxin H 





% change Mean+SE % change 




















0.254* 35% 7.3+0.101** 78% 
E0. 174** 66% 4.58+0.188** 130% 
tO. 169** -16% 7.88+0.34** -28% 
L0.095** -9% 12.7+0.29** -18% 
+0).24** 5% 9.1+0.205** 98% 
-0.278** 138% 6.12+0.161** 202% 
-0.193** -32% 6.42+0.186** -42% 
0.43 ** -20% 10.54+0.34** -31% 


* P<0.05, ** P<0.01 compared to the corresponding control group. 
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Table 2. 
Effects of low and high doses of digoxin on certain serum enzymes (ALT, AST and ALP) levels (U/L) in male 
albino rats. 












































Control group Digoxin L Digoxin H 
Enzymes 
Mean+SE Mean+SE % change Mean+SE % change 
A AST 15.3+0.80 36.7£1.28** 139% 63.3+1.98** 313% 
g ALT 180.577 34.5+1.18** 91% 66.3+1.02** 268% 
i ALP 403.5+4.02 500.2+2.96** 24% 684+2.8** 69% 
a AST 16.30.67 60.5+1.34** 271% 90.5+1.33** 455% 
g ALT 18.80.87 45.7+0.84** 143% 81.8+1.046** 335% 
ý ALP 401.1+2.8 706.1+4.4** 76% 90743.8** 126% 











Values represent mean + S.E. (n=8 rats). 
** P<().01 compared to the corresponding control group. 


Table 3. 
Effects of low and high doses of digoxin on biochemical parameters of renal function (urea and creatinine) 


"expressed as mg/dl" of male albino rats. 












































Control group Digoxin L Digoxin H 
Parameters 
Mean+SE Mean+SE % change Mean+SE % change 
2 Urea 38.3+0.91 51.8+1.91** 35% 69.7+1.42** 82% 
& 
© 
‘2 Creatinine 0.44+0.0133 0.54+0.013** 24% 0.67+0.018** 54% 
2 Urea 40.81.39 64.83+1.99** 59% 88.62+1.61** 117% 
& 
© 
a Creatinine 0.43+0.0189 0.5940.0191** 39% 0.90+0.0171** 111% 





Values represent mean + S.E. (n=8 rats). 
** P<(Q.01 compared to the corresponding control group 
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ene low and high doses of digoxin on serum protein fractions (g/dl) of male albino rats. 
Control group Digoxin L Digoxin H 
Protein fractions 
Mean+SE Mean+SE % change Mean+SE % change 

Total proteins 8.340.07 5.8+0.11** -30% 5.140.08** -38% 
2 Albumin 5.2+0.05 3.18+0.10** -40% 2.540.10** -51% 
7 Globulin 3.140.12 2.740.057* -14% 2.6+40.05** -16% 
A/G ratio 1.67+0.05 1.17+40.036** -29% 0.96+0.05** -42% 
Total proteins 8.2+0.09 5.340.12** -36% 4+0.012** -51% 
2 Albumin 5.13+0.07 2.2+0.06** -57% 1.4+0.08** -72% 
= Globulin 3.10.08 3.10.05 0% 2.6+0.05** -16% 
A/G ratio 1.6+0.02 0.71+40.019** -57% 0.5340.029** -68% 











Values represent mean + S.E. (n=8 rats). 
* P<0.05, ** P<0.01 compared to the corresponding control group. 







































































ae - low and high doses of digoxin on serum lipid profile (mg/dl) of male albino rats. 
Control group Digoxin L Digoxin H 
Lipid fractions 
Mean+SE Mean+SE % change Mean+SE % change 
Total lipids 638+4.8 808.8+3** 27% 952+3.4** 49% 
, Total chol. 192.5+1.1 239+1.8** 24% 28541 .5** 48% 
k TG 175.8+2.2 245+1.99** 39% 303.541.76** 72% 
~  HDL-chol. 5541.4 47.140.7** -14% 42+1.06** -24% 
LDL-chol. 1024225 143+1.53** 40% 182.9+1.59** 79% 
Total lipids 63843.5 JIII RTE 52% 1006+5.8** 58% 
„ Total chol. 1941.6 310+2.4** 59% 34942.7** 80% 
i TG 175+2.2 337+2.0** 92% 376+3.5** 114% 
j HDL-chol. 551.44 40.5+0.76** -26% 38.6+40.71** -30% 
LDL-chol. 103.9+1.2 202.9+1.99** 95% 235.442.7** 126% 











Values represent mean + S.E. (n=8 rats). 
** P<(Q.01 compared to the corresponding control group. 
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Discussion: 


Digitalis cardiac glycosides, such as 
digoxin and digitoxin, are clinically used to 
increase cardiac contractility in congestive 
heart failure [25]. The purpose of the current 
study was to investigate the sexual hormonal 
and biochemical patterns of male albino rats 
under the effect of digoxin treatment. 


Results demonstrate that subjecting of 
rats to the two dose levels of digoxin caused 
marked elevation in PRL and FSH levels with 
concomitant reduction in LH and total T 
values at the two time intervals of treatment. 
The recorded change in the measured 
hormonal levels became more obvious by 
increasing both the concentration of digoxin 
and the treatment period. 


Endocrine-disrupting chemicals may 
disrupt endocrine homeostasis via interactions 
with endogenous hormone pathways [26-28]. 
In particular, a class of endocrine disruptors, 
xenoestrogens, appears to trigger cellular 
responses that are normally induced by sex 
steroids, although their mode of action is still 
unclear [28-30]. 


PRL is a pituitary hormone and it has a 
variety of effects on many physiological 
systems such as growth and development, 
endocrinology and metabolism, brain function 
and behavior, reproduction, and immuno- 
regulation [31]. The disturbance in PRL 
production could affect the whole organism 
[31]. Despite this potential, there are 
relatively few published studies that have 
investigated the effects of xenoestrogens on 
PRL production [32-35]. The elevation in PRL 
production recorded in the current study is in 
accordance with previous results obtained by 
Steinmetz et al. [33]; Chun and Gorski [34] 
and Rousseau et al. [35] using other 
xenoestrogens. Rousseau et al. [35] suggested 
that xenoestrogens could indeed modulate an 
estrogen-inducible gene such as PRL, possibly 
acting via second messenger-mediated cellular 
mechanisms instead of solely competing with 
estrogens for the nuclear estrogen receptor 
sites. Gynecomastia in elderly men had been 
noted in association with digoxin therapy 
[36.]. This can be attributed to the estrogenic 
effect of digoxin that stimulates high 
production of PRL as PRL expression and 
secretion are known to be under estrogenic 
control [37&38]. 
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Differences in the response of FSH and 
LH to digoxin could be due to differential 
sensitivity of the systems regulating FSH and 
LH secretion to digoxin at the level of the 
pituitary or the hypothalamus [39]. Estrogens 
exert their biological role by binding to 
estrogen receptor (ER). Both ER types, a and 
B, can be found widely in the male 
reproductive system. xenoestrogens can bind 
to ER and exert effects to some extent similar 
to natural estrogens. One of the possible 
explanations of the disturbance in the levels of 
FSH, LH and total T is that high levels of 
estrogen may cause a reduction in both 
Gonadotropin-releasing hormone (GnRH) 
secretion and pituitary responsiveness to 
GnRH [40]. However, the direct effect of 
estrogen on testicular cells cannot be ruled 
out. Estrogen directly can retard pubertal 
Leydig cells development [41] and inhibit 
testosterone production [42&43]. The current 
results are in agreement with the results of Lin 
et al [8] and Wang et al. [44] who suggested 
that digoxin inhibits the production of 
testosterone in rat testicular interstitial cells, at 
least in part, via attenuation of the activities of 
adenylyl cyclase and cytochrome P450scc. 


Serum AST and ALT are the most 
sensitive biomarkers used in the diagnosis of 
liver diseases [45]. During hepatocellular 
damage, varieties of enzymes normally 
located in the cytosol are released into the 
blood. Their quantification in blood is useful 
biomarker of the extent and type of 
hepatocellular damage [46]. Data from the 
present study showed that digoxin caused 
hepatocyte injury with a significant increase in 
serum levels of AST and ALT. This injury 
exhibited dose and time-dependent manner. 
Serum ALP level is also related to the status 
and function of hepatic cells. Digoxin 
administration in the present study also caused 
significant increase in the serum ALP which 
may be due to increased synthesis in presence 
of increasing biliary pressure [47]. Our results 
comply with Wójcicki [48] who reported that 
digoxin is predominantly eliminated via the 
kidneys, metabolized in the liver, secreted into 
the bile or participating in the enterohepatic 
circulation. The changed pharmacokinetics of 
such drugs, in the case of mechanical 
jaundice, may be due to an altered liver status 
which can affect the function of the kidney 
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Elevated creatinine and blood urea 
nitrogen levels are likely evidence of impaired 
kidney functions. The obtained results showed 
high levels of urea and creatinine in sera of 
digoxin-treated groups relative to the 
corresponding control rats. After 
administration of digoxin, 50-70% of the dose 
is excreted unchanged [49]. This may indicate 
that, digoxin exhibit adverse effects on the 
kidney functions. These findings coincide 
with those of Okada et al. [50] but contradict 
with the results obtained by Cappuccio et al. 
[51] who recorded no changes in blood urea 
and creatinine in response to digoxin 
treatment or it may be a dose dependent. 


Regarding the proteins profile, results 
showed significant reduction in total proteins, 
albumin and A/G ratio levels in all the treated 
groups throughout the two time intervals of 
treatment compared to the controls. The liver 
is the main site of the conjugation and 
detoxification of drugs and other foreign 
substances [52]. The hypoproteineamia and 
depressed albumin synthesis observed in the 
present study revealed the hepatotoxic nature 
of digoxin on liver cells. Digoxin is a steroid- 
like structure, that means it can readily cross 
the plasma membrane and inhibits protein 
synthesis through binding directly to 
ribosomes forming an inactive complex [53]. 
Moreover, plasma of patients with liver cell 
damage often shows a decrease in the A/G 
ratio [54]. 


According to the results of biochemical 
evaluation, digoxin caused significant 
elevation in total lipids, Total-chol, TG and 
LDL-chol with concomitant reduction of 
HDL-chol. Endogenous as well as exogenous 
estrogens can affect lipoprotein metabolism 
[55]. Estrogens affect the lipid profile by 
actuating hepatic expression of genes involved 
in lipoprotein metabolism [56&57]. 


Depending on the results of the current 
research we can conclude that digoxin disrupts 
the sexual hormonal pattern and biochemical 
parameters. So, we recommend replacing of 
this drug by others without estrogenic activity, 
particularly if it is indicated at a high dose or 
for a long period of time. 
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